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Abstract 
Cost reduction in wireless sensor networks becomes a requirement to extend their application in fields where a great amount of 
sensors is needed. In those cases, the use of smart sensors is expensive, requiring applying low-cost analogue sensors. This paper
presents an interface for analogue sensors designed to adapt their output, optimizing the sensor span. The proposed interface 
includes both electronic and software elements, and components that let self-calibration to compensate undesired effects in the
electronics. 
© 2009 Published by Elsevier Ltd. 
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1. Introduction 
The ever-increasing reduction of the sensors size has favored their integration in embedded sensing applications. 
Numerous applications [1] of wireless sensor networks (WSN) consist on monitoring physical and chemical 
parameters in large regions, thus needing a large number of sensor nodes. In order to reduce the cost of these nodes, it 
is usual to use low-cost analogue sensors. This implies the use of an electronic interface to adapt the sensor output to 
the port requirements of the microcontroller embedded in the sensing node. 
The goal of the present work is the design and test of a versatile sensor interface able to transform the voltage 
obtained from a set of analogue sensors placed on a sensor node to a digital code, related to the value of the sensor 
measurement value. This system can be reprogrammed according to the electrical characteristics of the connected 
sensor, achieving the best performance [2]. In addition, the proposed interface allows self-calibration, correcting the 
effects due to component non-idealities and changes in the electronics behavior. 
The paper is organized as follows. Section 2 describes the proposed sensor interface: hardware and software, 
including the frequency to code conversion. Section 3 presents the self-calibration process implemented in the 
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interface. Section 4 presents the application of this system as an interface of two analog sensors. Finally the 
conclusions are drawn in Section 5. 
2. Interface description 
The proposed sensor interface transforms the voltage provided by different sensors with different output ranges to 
a pulse signal which frequency will depend proportionally on the input voltage. The conversion of the sensor signal to 
a frequency value will bear much less sensitivity to interferences. In order to achieve the best performance in the 
conversion to digital values of the frequency signal, it is necessary to convert the different sensor output ranges into 
the same frequency range. For this, the conditioning electronics must be able to change its gain and offset voltage 
depending on the sensor signal characteristics. The programming process will be performed by the microcontroller 
available in the sensing system, by means of a suitable programming process. 
2.1. Electronic Interface 
Figure 1 shows the schematic of the proposed electronic interface. The circuit mainly consists of two successive 
stages: a programmable voltage adapter circuit that converts the sensor output range to a common voltage range from 
0 to 3 V, equal to the supply voltage, and a voltage to frequency conversion circuit. The programmable voltage 
adapter (surrounded with a dotted line in Fig. 1) makes the addition of an offset voltage and the multiplication of the 
signal by a programmed value, to obtain the maximum voltage resolution. The gain and offset voltages are 
programmed by the microcontroller, to fit the signals from different resistive sensors which have different voltage 
ranges. 
The circuit consists of two operational amplifiers (OA) and two programmable potentiometers. The OA1, in 
voltage follower configuration, fixes the offset voltage in the inverting input of OA2. The second amplifier, OA2, 
amplifies the input signal and adds the offset voltage, using a non-inverting configuration. The voltage at the output 
of OA2 is described by the following equation 
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The second conditioning block consists of a voltage-controlled oscillator (VCO) which performs the 
transformation to the frequency range. The expression that gives the output frequency is 
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Figure 1. Electronic sensor interface 
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2.2. Software Interface 
A microcontroller controls the measurement process. It is programmed to select the input of the analog multiplexer 
(Fig. 1) that is connected to the electronic interface, thus selecting the sensor (S1,…, Sn) to be conditioned each time. 
When a node of the network is activated, the microcontroller selects the sensor to be read by means of the control 
lines of the analogue multiplexer (Fig. 1) and carry out the conditioning and the conversion.  
The frequency to digital value conversion is performed using the classical Direct Counting Method (DCM) [3]. 
This method counts the number of pulses (Nx) of a signal of unknown period (TX) in a temporal window defined by n
periods of a signal of known frequency (f0). Fig. 2 shows the timing diagram of the DCM. The unknown frequency fx
is calculated by the number of pulses into the counting window (T0 is the period of the known signal): 
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3. Self-Calibration 
In order to reduce the ageing effects, the proposed interface includes a self-calibration system that reads the digital 
values obtained from a known input voltage, and performs the appropriate compensation re-calculating the proper 
potentiometer values. Using potentiometers with 256 programmable taps, (2) can be expressed as 
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Where dig1 and dig2 are the digital values programmed into the potentiometers R1p and R2p, respectively (from 0 
to 255). Calibration is performed in several steps: 
x Digital potentiometer dig1 is set to 0 and input voltage to a known value. For this last, the electronic interface 
includes a low-resolution serial DAC (Fig. 1) which output voltage is controlled by the microcontroller. 
Thereby, the frequency of the input signal to the microcontroller depends only on the value of dig2.
x The microcontroller sweeps the word range that can be programmed in dig2. The real value can be programmed 
on the potentiometer, finding the relation between this and the calculated value.  
x Once dig2 has been calibrated, its register is set to an arbitrary constant value and Vin is set to 0 V, limiting the 
frequency dependence to the value stored in dig1. Similar to previous case, it is possible to state a relation 
between the calculated and real values, thus compensating output errors. Fig. 2 shows the results achieved in a 
calibration process. 
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Figure 2. (a) Theoretical (continuous line) and measured (dashed line) frequencies for several values of dig2. (b) Theoretical (continuous line) 
and measured (dashed line) frequencies for several values of dig1, fixed dig2 to 130. 
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Figure 3. (a) NTC temperature sensor and (b) RH sensor behavior compared to the frequency calculated by the microcontroller 
4. Application
Fig. 3 shows the results of applying the proposed interface to temperature and humidity sensors. The system 
increases the voltage span and reduces the output offset, optimizing the voltage range in the VCO input. Frequency 
values (right) corresponds to the microcontroller readings performed using the DCM algorithm (left). As we can see, 
this frequency curve follows the sensor output practically along the full span. 
5. Conclusions 
The proposed sensor interface transforms the voltage provided by different sensors with different output ranges to 
a pulse signal which frequency will depend proportionally on the input voltage. The conversion of the sensor signal to 
a frequency value will bear much less sensitivity to interferences. In addition, the quasi-digital measurement method 
provides a suitable tradeoff between accuracy and operation time, giving an accuracy higher than 12 bits for 
measuring times of 16 ms. In order to achieve the best performance in the conversion to digital values of the 
frequency signal, it is necessary to convert the different sensor output ranges into the same frequency range. For this, 
the conditioning electronics must be able to change its gain and offset voltage depending on the sensor signal 
characteristics. The programming process will be performed by the microcontroller available in the sensing system, 
by means of a suitable programming process. The designed circuit targets an application in battery-operated WSN 
nodes. Hence, it must have reduced power consumption. Thus, the components used for its implementation are low-
power compliant. 
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